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(57) Abstract: Apparatus for use in per- 
forming impedance measurements on a 
subject, the apparatus including a probe 
having a plurality of electrodes, the probe 
being configured to allow at least some 
of the electrodes to be in contact with at 
least part of the subject and a processing 
system for, determining at least one first 
impedance value, measured at a site us- 
ing a first electrode configuration, deter- 
mining at least one second impedance 
value, measured at the site using a sec- 
ond electrode configuration and deter- 
mining an indicator indicative of the 
presence, absence or degree of an anoma- 
ly using the first and second impedance 
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IMPEDANCE MEASUREMENT PROCESS 
Background of the Invention 

The present invention relates to a method and apparatus for performing impedance 
measurements, and in particular to performing multiple impedance measurements at a given 
5 site to determine an indicator indicative of the presence, absence or degree of anomalies such 
as tissue lesions. 

Description of the Prior Art 

The reference in this specification to any prior publication (or information derived from it), 
or to any matter which is known, is not, and should not be taken as an acknowledgment or 
10 admission or any form of suggestion that the prior publication (or information derived from 
it) or known matter forms part of the common general knowledge in the field of endeavour to 
which this specification relates. 

Presently, the detection of the existence of certain biological lesions or anomalies within a 
region requires the use of methods which are not only invasive but also require a sample of 
15 the region to be removed and sent away for biological testing. 

For example, in the detection of cervical cancer, it is often the case that a patient will undergo 
several tests typically beginning with a Pap Smear (the Papanicolaou test) which includes a 
tool that is used to gather cells from the cervical region. If the Pap Smear result is positive, a 
patient may then undergo biopsies which will require the removal of a sample area of the 
20 suspected region. 

It will be appreciated that these methods can cause severe discomfort for persons undergoing 
the tests, and furthermore, the tests may not always provide a high degree of accuracy. 

One existing technique for determining biological parameters relating to a subject, such as 
fluid levels, involves the use of bioelectrical impedance. This involves measuring the 
25 electrical impedance of a subject's body using a series of electrodes placed on the skin 
surface. Changes in electrical impedance at the body's surface are used to determine 
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parameters, such as changes in fluid levels, associated with the cardiac cycle or oedema, or 
other conditions which affect body habitus. 

GB2426824 describes a probe for measuring the electrical impedance of human or animal 
body tissue comprises a housing and at least two electrodes mounted on the surface of the 
5 housing. Contained within the housing are: a current source coupled to the electrodes, a 
controller to control the current source to drive a current between the electrodes, a voltmeter 
to measure potential difference between the electrodes, and a communication circuit for 
wirelessly transmitting the measured potential difference to a remote device. The probe may 
also include a processor to calculate tissue impedance from the measured potential 

10 difference, in which case the communication circuit transmits the calculated impedance. 
Wireless telemetry may be via an optical or radio frequency (RF) connection, for example 
using an infra red transmitter. The transmission of data without the use of a wired connection 
improves measurement accuracy due to the removal of the parasitic capacitances arising from 
cable connections. The probe may be used for cancer screening. A method of measuring 

15 impedance is also disclosed. 

Summary of the Present Invention 

The present invention seeks to substantially overcome, or at least ameliorate, one or more 
disadvantages of existing arrangements. 

In a first broad form, the present invention seeks to provide apparatus for use in performing 
20 impedance measurements on a subject, the apparatus including: 

a) a probe having a plurality of electrodes, the probe being configured to allow at least 
some of the electrodes to be in contact with at least part of the subject; and, 

b) a processing system for: 

i) determining at least one first impedance value, measured at a site using a first 
25 electrode configuration; 

ii) determining at least one second impedance value, measured at the site using a 
second electrode configuration; and, 

iii) determining an indicator indicative of the presence, absence or degree of an 
anomaly using the first and second impedance values. 
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Typically at least part of the probe is configured to be inserted into the subject so that at least 
some of the electrodes are in contact with cervical tissues. 

Typically the probe includes: 

a) a probe portion including the plurality of electrodes; and, 

b) a handle portion. 

Typically the probe portion is removably attached to the handle portion. 
Typically the probe portion is for insertion into the subject. 

Typically the handle portion includes at least one of: 

a) at least part of the processing system; 

b) a signal generator for applying drive signals to the electrodes; 

c) a sensor for determining measured signals at the electrodes; 

d) a multiplexer for selectively connecting the electrodes to the signal generator and the 
sensor; and, 

e) a capacitance cancelling circuit. 

Typically the processing system includes a first processing system and a second processing 
system and wherein at least one of the first and second processing systems is provided in the 
handle portion. 

Typically the apparatus includes: 

a) a signal generator for applying drive signals to the subject using drive electrodes; and, 

b) a sensor for determining measured signals using measurement electrodes. 

Typically the apparatus includes a switching device for selectively interconnecting the signal 
generator and sensor to the electrodes. 

Typically the apparatus includes a tetrapolar electrode arrangement, the first and second 
electrode configurations using a different configuration of drive and measurement electrodes. 
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Typically the apparatus includes an electrode array having a number of electrodes provided 
thereon, and wherein in use, selected ones of the electrodes are used as drive and 
measurement electrodes. 

Typically the processing system: 

a) causes a first measurement to be performed at a site using first and second electrodes 
as drive electrodes and using third and fourth electrodes as measurement electrodes; 
and, 

b) causes a second measurement to be performed at the site using first and third 
electrodes as drive electrodes and using second and fourth electrodes as measurement 
electrodes. 

Typically the processing system: 

a) causes a measurement to be performed at a site using first and second electrodes as 
drive electrodes and using third and fourth electrodes as measurement electrodes; and, 

b) causes a measurement to be performed at a second site using at least two of the first, 
second, third and fourth electrodes. 

Typically the processing system: 

a) causes a first measurement to be performed at a first site using first and second 
electrodes as drive electrodes and using third and fourth electrodes as measurement 
electrodes; 

b) causes a second measurement to be performed at the first site using first and third 
electrodes as drive electrodes and using second and fourth electrodes as measurement 
electrodes; 

c) causes a first measurement to be performed at a second site using third and fifth 
electrodes as drive electrodes and using fourth and sixth electrodes as measurement 
electrodes; and, 

d) causes a second measurement to be performed at the second site using third and 
fourth electrodes as drive electrodes and using fifth and sixth electrodes as 
measurement electrodes. 
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Typically the apparatus includes a capacitance cancelling circuit for cancelling capacitance 
coupling between first and second electrodes. 

Typically the capacitance cancelling circuit includes an inverting amplifier for coupling a 
signal generator output to a sensor input. 

5 Typically the inverting amplifier applies a capacitance cancelling signal to the sensor input to 
thereby cancel any effective capacitance between the first electrode and the second electrode. 

Typically an inverting amplifier output is coupled to the sensor input via at least one of: 

a) a resistor; 

b) a capacitor; and, 
10 c) an inductor. 

Typically at least one of a resistor and capacitor are adjustable, thereby allowing a 
capacitance cancelling signal applied to the sensor input to be controlled. 

Typically the apparatus includes an input capacitance cancelling circuit for cancelling an 
effective input capacitance at a sensor input. 

15 Typically the apparatus includes a feedback loop for connecting a sensor output to the sensor 
input. 

Typically the feedback loop includes at least one of: 

a) a resistor; 

b) a capacitor; and, 
20 c) an inductor. 

Typically at least one of a resistor and capacitor are adjustable, thereby allowing a current 
flow from the sensor output to the sensor input to be controlled. 

Typically the feedback loop applies an input capacitance cancelling signal to the sensor input 
to thereby cancel any effective capacitance at the sensor input. 
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Typically the processing system determines an impedance value for each of at least four 
electrode configurations. 

Typically the apparatus includes a signal generator, a sensor, a switching device, and wherein 
the processing system controls the electrode configuration by: 
5 a) selectively interconnecting the signal generator and electrodes using the switching 

device; and, 

b) selectively interconnecting the sensor and electrodes using the switching device. 

Typically the processing system: 

a) causes at least one drive signals to be applied to the subject; 
10 b) measures at least one induced signal across the subject; and, 

c) determines at least one impedance value using an indication of the drive signal and 
the induced signal. 

Typically the processing system: 

a) determines impedance values at a number of different sites; and, 
15 b) determines an impedance map using the impedance values at each site. 

Typically the processing system: 

a) determines the presence of an anomaly at any one of the sites; and, 

b) determines the impedance map talcing the anomaly into account. 

Typically the processing system, for a site having an anomaly, at least one of: 
20 a) excluding the site from the impedance map; 

b) modifying the impedance value determined for the site. 

Typically the processing system: 

a) determines a difference between the first and second impedance values; and, 

b) determines an anomaly using the determined difference. 

25 Typically the processing system: 

a) compares the difference to a reference; and, 

b) determines an anomaly depending on the result of the comparison. 
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Typically the processing system, wherein the reference is a previously measured difference 
for the subject. 

Typically the apparatus includes a store for storing the reference. 

Typically the processing system: 

a) compares first and second impedance values; and, 

b) determines the presence, absence or degree of a biological anomaly using the results 
of the comparison. 

Typically the impedance values are at least one of: 

a) measured impedance values; and, 

b) impedance parameter values derived from measured impedance values. 

Typically the impedance parameter values include at least one of: 

a) an impedance at infinite applied frequency (R^); 

b) an impedance at zero applied frequency (R 0 ); and, 

c) an impedance at a characteristic frequency (Z c ). 

Typically the processing system determines the impedance parameter values at least in part 
using the equation: 



Ro-R 



.CO 



1 + C/aw)' 



where: 



i?oo= impedance at infinite applied frequency; 
R 0 = impedance at zero applied frequency; 
co = angular frequency; 

% is the time constant of a capacitance circuit modelling the 

subject response; and, 

a has a value between 0 and 1. 



Typically the processing system: 
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a) causes at least one first impedance value to be measured at a site using a first 
electrode configuration; and, 

b) causes at least one second impedance value to be measured at the site using a second 
electrode configuration. 

5 Typically the apparatus includes a measuring device for performing impedance 
measurements, the measuring device including the processing system. 

Typically the anomaly includes any one or a combination of: 

a) a tissue anomaly; and, 

b) an erroneous measurement. 

10 Typically the tissue anomaly is a tissue lesion. 

Typically the apparatus is used to detect the presence, absence, or degree of cervical cancer. 

Typically the processing system is for: 

a) determining an indication of drive signals applied to the subject; 

b) determining an indication of measured signals determined using a sensor; and, 
15 c) using the indications to determine an impedance. 

In a second broad form, the present invention seeks to provide a method for use in 
performing impedance measurements on a subject using a probe having a plurality of 
electrodes, the method including, in a processing system: 

a) determining at least one first impedance value, measured at a site using a first 
20 electrode configuration; 

b) determining at least one second impedance value, measured at the site using a second 
electrode configuration; and, 

c) determining an indicator indicative of the presence, absence or degree of an anomaly 
using the first and second impedance values. 

25 In a third broad form, the present invention seeks to provide apparatus for use in performing 
impedance measurements on a subject, the apparatus including a probe having: 
a) an electrode array having a number of electrodes; 



WO 2010/060152 PCT/AU2009/001553 



-9- 

b) a signal generator for generating drive signals; 

c) a sensor for sensing measured signals; and, 

d) a switching device; 

e) a processing system for selectively interconnecting the signal generator and the sensor 
5 to electrodes in the array using the switching device, thereby allowing: 

i) at least one first impedance value to be measured at a site using a first electrode 
configuration; and, 

ii) at least one second impedance value to be measured at the site using a second 
electrode configuration. 

In a fourth broad form, the present invention seeks to provide apparatus for use in performing 
impedance measurements on a subject, the apparatus including: 

a) an electrode array having a number of electrodes; 

b) a signal generator for generating drive signals; 

c) a sensor for sensing measured signals; and, 

d) a switching device; 

e) a processing system for selectively interconnecting the signal generator and the sensor 
to electrodes in the array using the switching device, thereby allowing impedance 
measurements to be performed; and, 

f) a capacitance cancelling circuit for cancelling at least one of: 

i) capacitive coupling between first and second electrodes; and, 

ii) an effective capacitance at a sensor input. 

Typically the processing system selectively interconnects the signal generator and the sensor 
to electrodes in the array using the switching device, thereby allowing: 

a) at least one first impedance value to be measured at a site using a first electrode 
25 configuration; and, 

b) at least one second impedance value to be measured at the site using a second 
electrode configuration. 

In a fifth broad form, the present invention seeks to provide a method for use in performing 
impedance measurements on a subject, the method including, in a processing system: 
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a) determining at least one first impedance value, measured at a site using a first 
electrode configuration; 

b) determining at least one second impedance value, measured at the site using a second 
electrode configuration; and, 

5 c) determining an indicator indicative the presence, absence or degree of an anomaly 

using the first and second impedance values, the indicator being used in the detection 
of cervical cancer. 

Typically the method includes using a tetrapolar electrode arrangement, the first and second 
electrode configurations using a different configuration of drive and measurement electrodes. 

10 Typically the method includes, in the processing system, determining an impedance value for 
each of four electrode configurations. 

Typically the method uses apparatus including a signal generator, a sensor, a switching 
device and an electrode array having a number of electrodes, and wherein the method 
includes in the processing system, controlling the electrode configuration by: 
15 a) selectively interconnecting the signal generator and electrodes using the switching 

device; and, 

b) selectively interconnecting the sensor and electrodes using the switching device. 

Typically the method includes, in the processing system: 

a) causing at least one drive signals to be applied to the subject; 
20 b) measuring at least one induced signal across the subject; and, 

c) determining at least one impedance value using an indication of the excitation signal 
and the induced signal. 

Typically the method includes, in the processing system: 

a) determining impedance values at a number of different sites; and, 
25 b) determining an impedance map using the impedance values at each site. 

Typically the method includes, in the processing system: 

a) determining the presence of an anomaly at any one of the sites; and, 

b) determining the impedance map taking the anomaly into account. 
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Typically the method includes, in the processing system, for a site having an anomaly, at 
least one of: 

a) excluding the site from the impedance map; 

b) modifying the impedance value determined for the site. 

5 Typically the method includes, in the processing system: 

a) determining a difference between the first and second impedance values; and, 

b) determining an anomaly using the determined difference. 

Typically the method includes, in the processing system: 
a) comparing the difference to a reference; and, 
10 b) determining an anomaly depending on the result of the comparison. 

Typically the reference is a previously measured difference for the subject. 

Typically the method includes, in the processing system: 

a) comparing first and second impedance values; and, 

b) determining the presence, absence or degree of a biological anomaly using the results 
15 of the comparison. 

Typically the impedance values are at least one of: 

a) measured impedance values; and, 

b) impedance parameter values derived from measured impedance values. 

Typically the impedance parameter values include at least one of: 
20 a) an impedance at infinite applied frequency (i?oo); 

b) an impedance at zero applied frequency (Ro); and, 

c) an impedance at a characteristic frequency (Z c ). 

Typically the method includes, in the processing system, determining the impedance 
parameter values at least in part using the equation: 
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where: impedance at infinite applied frequency; 

Ra= impedance at zero applied frequency; 
co = angular frequency; 

r is the time constant of a capacitive circuit modelling the 
5 subject response; and, 

a has a value between 0 and 1. 

Typically the method includes, in the processing system: 

a) causing at least one first impedance value to be measured at a site using a first 
electrode configuration; and, 

10 b) causing at least one second impedance value to be measured at the site using a second 

electrode configuration. 

Typically the processing system forms part of a measuring device for performing impedance 
measurements. 

Typically the anomaly includes any one or a combination of: 
15 a) a tissue anomaly; and, 

b) an erroneous measurement. 

Typically the tissue anomaly is a tissue lesion. 

Typically the impedance measurements are performed using apparatus including an electrode 
array having a number of electrodes provided thereon, and wherein the method includes, in 
20 the processing system, causing impedance measurements to be performed using different 
ones of the electrodes in the array. 

Typically the method includes: 

a) causing a first measurement to be performed at a site using first and second electrodes 
as drive electrodes and using third and fourth electrodes as measurement electrodes; 

25 and, 

b) causing a second measurement to be performed at the site using first and third 
electrodes as drive electrodes and using second and fourth electrodes as measurement 
electrodes. 
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Typically the method includes: 

a) causing a measurement to be performed at a site using first and second electrodes as 
drive electrodes and using third and fourth electrodes as measurement electrodes; and, 

b) causing a measurement to be performed at a second site using at least two of the first, 
5 second, third and fourth electrodes. 

Typically the method includes: 

a) causing a first measurement to be perfonned at a first site using first and second 
electrodes as drive electrodes and using third and fourth electrodes as measurement 
electrodes; 

10 b) causing a second measurement to be performed at the first site using first and third 

electrodes as drive electrodes and using second and fourth electrodes as measurement 
electrodes; 

c) causing a first measurement to be performed at a second site using third and fifth 
electrodes as drive electrodes and using fourth and sixth electrodes as measurement 

15 electrodes; and, 

d) causing a second measurement to be performed at the second site using third and 
fourth electrodes as drive electrodes and using fifth and sixth electrodes as 
measurement electrodes. 

Typically the apparatus includes a signal generator for generating drive signals, a sensor for 
20 sensing measured signals, and a multiplexer, and wherein the method includes, in the 
processing system selectively interconnecting the signal generator and the sensor to 
electrodes in the array using the multiplexer. 

In a sixth broad form, the present invention seeks to provide apparatus for use in performing 
impedance measurements on a subject, the apparatus including a processing system that: 
25 a) determines at least one first impedance value, measured at a site using a first electrode 

configuration; 

b) determines at least one second impedance value, measured at the site using a second 
electrode configuration; and, 
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c) determines an indicator indicative of the presence, absence or degree of an anomaly 
using the first and second impedance values, the indicator being used in the detection 
of cervical cancer. 

It will be appreciated that the broad forms of the invention may be used individually or in 
5 combination, and may be used for diagnosis of the presence, absence or degree of a range of 
conditions and illnesses, including, but not limited to the detection of lesions, tumours, or the 
like, as well as to allow impedance mapping to be performed more accurately by accounting 
for erroneous readings. 

The detection of lesions can be used both in cancer screening, as well as in the triage of 
10 abnormal cytology or a HPV high risk genotype positive result. 



Brief Description of the Drawings 

An example of the present invention will now be described with reference to the 
accompanying drawings, in which: - 

Figure 1 A is a schematic of an example of impedance measuring apparatus; 
15 Figure IB is a schematic diagram of a side view of an example impedance measuring 
apparatus for use in cervical cancer detection; 

Figure 1C is a schematic diagram of a front perspective view of the apparatus of Figure IB; 
Figure ID is a schematic diagram of a second example of an impedance measuring apparatus 
for use in cervical cancer detection; 
20 Figure IE is a schematic diagram of a second example of an impedance measuring apparatus 
for use in cervical cancer detection; 

Figure 2 is a flowchart of an example of a process for performing impedance measurements; 
Figure 3 is a flowchart of a second example of a process for performing impedance 
measurements; 

25 Figure 4 is a schematic of a specific example of impedance measuring apparatus; 

Figures 5A and 5B are a flowchart of an example of a process for performing impedance 
measurements using the apparatus of Figure 4; 

Figures 6 A to 6D are schematic diagrams of example tetrapolar electrode configurations; 
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Figures 6E to 6J are schematic diagrams of an example of a sequence of electrode 
configurations used for performing measurements at multiple sites; 

Figure 7 is a schematic diagram of an example of a region of red blood cells introduced to a 
plasma to show visible diffusion; 
5 Figure 8 is a schematic diagram of varying haematocrit value over an area of the electrode 
array of Figure 4; 

Figure 9A is a schematic diagram of average Ro maps for haematocrit of 60% and for the 
tetrapolar electrode arrangements of Figures 6A to 6D; 

Figure 9B is a plot of an example of a mean value of Ro for each impedance map of Figure 
10 9 A against haematocrit concentration; 

Figure 10 is a schematic diagram of example impedance maps for plasma with introduced red 
blood cells in the lower left corner for the tetrapolar electrode arrangements of Figures 6A to 
6D; 

Figure 11 is a schematic diagram of an example impedance difference map for use in 
15 identifying a tissue anomaly; 

Figure 12A is a schematic diagram of example impedance maps for plasma with an 
introduced red blood cell clot covering a central electrode; 

Figure 12B is a schematic diagram of example impedance maps for plasma with an 
introduced red blood cell clot covering four electrodes associated with a respective 
20 measurement site; 

Figure 12C is a schematic diagram of example impedance maps for plasma with an 
introduced red blood cell clot covering two measurement sites; 

Figure 13 is a schematic of an example of the functionality of the processing system of 
Figure 1A; 

25 Figures 14A to 14C are a flowchart of an example of a process for performing impedance 
measurements using the apparatus of Figure 13; 

Figure 15A is a schematic diagram of an example of a sensor and signal generator 
configuration; 

Figure 15B is a schematic diagram illustrating cross electrode capacitive coupling; 
30 Figure 15C is a schematic diagram of an example of a cross electrode capacitance canceling 
circuit; and, 
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Figure 1 5D is a schematic diagram of an example of an input capacitance canceling circuit. 
Detailed Description of the Preferred Embodiments 

An example of apparatus suitable for performing an analysis of a subject's bioelectric 
impedance will now be described with reference to Figure 1 A. 

5 As shown the apparatus includes a measuring device 100 including a processing system 102 
coupled to a signal generator 111 and a sensor 112. In use the signal generator 111 and the 
sensor 112 are coupled to first electrodes 113, 114, and second electrodes 115 5 116, provided 
on a subject S, via respective first leads 123, 124, and second leads 125, 126. 

The connection may be via a switching device 118, such as a multiplexer, allowing the leads 
10 123, 124, 125, 126 to be selectively interconnected to signal generator 111 and the sensor 
112, although this is not essential, and connections may be made directly between the signal 
generator 1 11, the sensor 112 and the electrodes 113, 114, 115, 116. 

Although only a single signal generator 111 and a single sensor 112 are shown in this 
example, this is not essential, and instead two signal generators 111 and two sensors 112 may 
15 be used, with each signal generator and each sensor being coupled to a respective one of the 
electrodes 113, 114, 115, 116 in use. 

The processing system 102 typically includes a processor 105, a memory 106, an 
input/output device 107 such as a keyboard and display, and an external interface 108 
coupled together via a bus 109, as shown. The external interface 108 can be used to allow 
20 the processing system 102 to be coupled to the signal generator 111 and the sensor 112, as 
well as to allow connection to one or more peripheral devices (not shown), such as an 
external database, or the like. 

In use, the processing system 102 is adapted to generate control signals, which cause the 
signal generator 111 to generate one or more alternating drive signals, such as voltage or 
25 current signals, which can be applied to a subject S, via two of the electrodes 113, 114, 115, 
116 (generally referred to as "drive" electrodes). The sensor 112 then determines measured 
signals representing the induced voltage across or current through the subject S, using the 
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other two of the electrodes 113, 114, 115, 116 (generally referred to as "measurement" 
electrodes) and transfers appropriate signals to the processing system 102. 

Accordingly, it will be appreciated that the processing system 102 may be any form of 
processing system which is suitable for generating appropriate control signals and 
5 interpreting an indication of the measured signals to thereby determine the subject's 
bioelectrical impedance, and optionally determine other information such as the presence, 
absence or degree of oedema, or the like. 

The processing system 102 may therefore be a suitably programmed computer system, such 
as a laptop, desktop, PDA, smart phone or the like. Alternatively the processing system 102 
10 may be formed from specialised hardware, such as an FPGA (field programmable gate 
array), or a combination of a programmed computer system and specialised hardware, or the 
like. 

In one example, the processing system can be formed from first and second processing 
systems, such as a computer system and a processing system, such as an FPGA or the like. 
15 In this example, the computer system can be used to control the processing system, allowing 
the processing system to perform the measurement procedure, and allowing the computer 
system to be used to analyse the impedance measurements and displayed determined results. 
In a further example, the processing system can be incorporated into a measuring device, 
such as a probe, with the computer system being provided remotely to the measuring device. 

20 The use of a separate computer system and processing system can lead to a number of 
benefits. For example, the processing system can be used to allow the custom hardware 
configuration to be adapted through the use of appropriate embedded software. This in turn 
allows a single measuring device to be used to perform a range of different types of analysis. 

Secondly, this vastly reduces the processing requirements on the computer system. This in 
25 turn allows the computer system to be implemented using relatively straightforward 
hardware, whilst still allowing the measuring device to perform sufficient analysis to provide 
interpretation of the impedance. This can include for example displaying information such as 
relative fluid levels, body composition parameters, a "Wessel" plot, or other indicators, as 
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well as using the impedance values to determine indicators, such as indicators indicative of 
the presence, absence or degree of anomalies such as lesions, or the like. 

Thirdly, this allows the measuring device to be updated. Thus for example, if an improved 
measurement protocol is created, or an improved current sequence determined for a specific 
5 impedance measurement type, the measuring device can be updated by downloading new 
embedded software. 

It will be appreciated however that this is not essential, and additionally, or alternatively, a 
single processing system may be used. 

In use, the two electrodes 113, 114, 115, 116 that are to be used as drive electrodes are 
10 positioned on the subject to allow one or more signals to be injected into the subject S, with 
two other electrodes 113, 114, 115, 116 being positioned to act as measurement electrodes to 
allow signals induced within the subject, to be detected. The location of the electrodes will 
depend on the segment of the subject S under study, an example of which is shown in Figures 
IB and 1C and further described below. 

15 Once the electrodes are positioned, one or more alternating signals are applied to the subject 
S, via the drive electrodes. The nature of the alternating signal will vary depending on the 
nature of the measuring device and the subsequent analysis being performed. 

For example, the system can use Bioimpedance Analysis (BIA) in which a single low 
frequency current is injected into the subject S, with the measured impedance being used 
20 directly in the identification of anomalies (which can include tissue anomalies, erroneous 
measurements, or the like), or performing impedance mapping. 

In contrast Bioimpedance Spectroscopy (BIS) devices apply signals at a number of 
frequencies either simultaneously or sequentially. BIS devices typically utilise frequencies 
ranging from low frequencies (4 kHz) to higher frequencies (1000 kHz), and can use 256 or 
25 more different frequencies within this range, to allow multiple impedance measurements to 
be made within this range. 
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Thus, the measuring device 100 may either apply an alternating signal at a single frequency, 
at a plurality of frequencies simultaneously, or may apply a number of alternating signals at 
different frequencies sequentially, depending on the preferred implementation. The 
frequency or frequency range of the applied signals may also depend on the analysis being 
5 performed. 

In one example, the applied signal is a frequency rich current signal from a current source 
clamped, or otherwise limited, so it does not exceed a maximum allowable subject auxiliary 
current. However, alternatively, voltage signals may be applied, with a current induced in the 
subject being measured. The signal can either be constant current, impulse function or a 
10 constant voltage signal where the current is measured so it does not exceed the maximum 
allowable subject auxiliary current. 

A potential difference and/or current are measured between the measurement electrodes. The 
acquired signal and the measured signal will be a superposition of potentials generated by the 
human body, such as the ECG, and potentials generated by the applied current. 

15 To assist accurate measurement of the impedance, buffer circuits may be placed in 
connectors that are used to connect the electrodes 113, 114, 115, 116 to the leads 123, 124, 
125, 126. This helps eliminate contributions to the measured voltage due to the response of 
the leads 123 5 124, 125, 126, and reduce signal losses. 

A further option is for the voltage to be measured differentially, meaning that the sensor used 
20 to measure the potential at each measurement electrode only needs to measure half of the 
potential as compared to a single ended system. In one example, current can also be driven 
or sourced through the subject S differentially, which again greatly reduced the parasitic 
capacitances by halving the common-mode current. 

The acquired signal is demodulated to obtain the impedance of the system at the applied 
25 frequencies. One suitable method for demodulation of superposed frequencies is to use a 
Fast Fourier Transform (FFT) algorithm to transform the time domain data to the frequency 
domain. This is typically used when the applied current signal is a superposition of applied 
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frequencies. Another technique not requiring windowing of the measured signal is a sliding 
window FFT. 

In the event that the applied current signals are formed from a sweep of different frequencies, 
then it is more typical to use a processing technique such as multiplying the measured signal 
with a reference sine wave and cosine wave derived from the signal generator, or with 
measured sine and cosine waves, and integrating over a whole number of cycles. This process 
rejects any harmonic responses and significantly reduces random noise. 

Other suitable digital and analogue demodulation techniques will be known to persons skilled 
in the field. 

In the case of BIS, impedance or admittance measurements can be determined from the 
signals at each frequency by comparing the recorded voltage and current signal. This allows 
demodulation to be used to produce an amplitude and phase signal at each frequency. 

Figures IB and 1C show an example of the apparatus for performing bioelectrical impedance 
implemented for use in cervical cancer detection. In this example, the measuring device is 
incorporated into a probe. 

In one example, the probe 130 has a handle portion 132, which includes the processing 
system 102, signal generator 111, sensor 112, and switching device 118. An optional remote 
computer system 131 may be provided. The probe 130 has a probe portion 134 attached to 
the handle portion 132, where the probe portion 134 can include the leads and electrodes such 
as, for example, the leads 123 to 126 and a number of electrodes 150 that are selectively 
connectable to the signal generator 111 and the sensor 112, via the switching device 118, 
thereby allowing the electrodes 150 to selectively acts as the drive and sense electrodes 113, 
114, 115, 116. It can be seen that in this example, nine electrodes are shown provided in a 3 
x 3 array, but this is for the purpose of example only, and in practice any number of 
electrodes may be provided, as will be described in more detail below. 

In use, the handle portion 132 of the probe 130 can be used to handle the probe 130, allowing 
the probe portion 134 to be inserted into or near the cervix, so that the electrodes 150 are 
positioned in contact with tissue of interest. The operator then activates a measurement 



WO 2010/060152 



PCT/AU2009/001553 



-21 - 

procedure, causing the apparatus to perform impedance measurements on the tissue, with the 
results being analysed to allow any biological anomalies or lesions of the cervix, such as 
cervical cancer, to be detected. 

Accordingly, the probe portion is typically made of a biologically inert material, such as a 
5 polymer based material such as polystyrene, polyethylene, polypropylene, acrylates, 
methacrylates, acrylics, polyacrylamides, and vinyl polymers such as vinyl chloride and 
polyvinyl fluoride, ie plastics, or the like. The probe is also typically shaped to conform to 
the shape of the vagina and cervix, to allow for easy and comfortable insertion into the 
subject. 

10 It will be appreciated that either the probe portion 134, or the entire probe 130 can be 
disposable, such that the probe portion 134 is used once for a patient in order to minimise the 
risk of disease transfer between patients. Additionally, either the probe portion 134 or the 
entire probe 130 can be formed such that they are able to be sterilised. Thus, in one particular 
example, the probe portion 134 can be removably attached to the handle portion 132, so that 

15 after use, the probe portion 134 can be removed and disposed of. Alternatively, the probe 
portion 134 can include a cover or sterilised sheath which can be changed for each patient. 

Typically, the probe portion 134 is separable from the handle portion 132, allowing the probe 
portion 134 to be replaced for each subject being tested, however this is not essential and a 
single bodied probe could be used. However, by providing separate probe and handle 

20 portions 134, 132, this allows the probe portion 134 to contain only the electrodes and leads, 
and not any of the associated electronics. This allows the probe portion 134 to be constructed 
cheaply and easily, allowing this to be formed from a disposable unit. In contrast, the handle 
portion 132, includes processing electronics required to generate and analyse the electrical 
signals, and hence this part of the device will be more expensive, and is therefore typically 

25 designed for reuse. In a further example, the probe portion 134 can include basic electronics, 
such as capacitive cancelling circuits, although these may also be incorporated into the 
handle portion 132. 

Alternative designs of probe portion 134 are shown in Figures ID and IE. In the example of 
Figure ID, the probe portion includes only four electrodes, which selectively act as the drive 
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and sense electrodes 113, 114, 115, 116. It will be appreciated that four electrodes is the 
minimum needed to perform the impedance measuring process outlined in more detail below. 
Accordingly, in the event that only four electrodes are provided, then this requires that the 
apparatus is repositioned each time a different tissue site is to be analysed. However, by 
5 providing a larger array of electrodes 150, this can allow multiple tissue sites to be analysed 
without requiring movement of the probe portion 134. This can significantly reduce 
discomfort for the subject. 

In the event that multiple electrodes are provided in an array, the number of electrodes can be 
limited by the diameter of the probe portion 134. Accordingly, in an alternative example, the 

10 probe portion can include a head 136, which includes the electrodes 150 mounted thereon. 
The head 136 is in the form of a plate having the electrodes 150 mounted on one side thereof. 
In use, this allows the head to be inserted into the cervix and gently pressed against the side 
walls of the cervix, thereby allowing each of the electrodes 150 in the array to contact the 
cervical tissue. This in turn increases the number of electrodes 150 that can be brought into 

15 contact with the cervical tissue at any one time, allowing measurements to be performed at 
multiple sites, and in multiple configurations, without requiring adjustment of the probe 
position, and whilst maintaining a minimum physical volume for the probe portion 134. This 
in turn reduces discomfort for the subject. 

An example of the operation of the apparatus to detect anomalies when performing 
20 impedance mapping or other impedance measurements will now be described with reference 
to Figure 2. 

At step 200 a first impedance value is measured at a given site (such as for example, within 
the cervix). The impedance value is typically measured using a first electrode configuration, 
and whilst any form of electrode configuration may be used, this is typically a tetrapolar 
25 electrode configuration utilised to allow impedance readings to be measured at the specific 
site. 

At step 210 a second impedance value is measured at the (same) site. This is typically 
achieved utilising an alternative electrode configuration and in particular, a configuration 
which is a modified version of the first configuration. 



WO 2010/060152 



PCT/AU2009/001553 



-23- 

In this regard, the configuration typically utilises the same electrode placements on the 
subject, but applies the signals to and measures signals from different ones of the electrodes. 
Thus, for example, in a tetrapolar electrode configuration, the first measurement may be 
made by applying a current across first electrodes and measuring a voltage across second 
electrodes, whereas the second measurement may be made by applying the current across the 
second electrodes and measuring the induced voltage across first electrodes. 

Typically, the preferred measurement option for a given site involves using first electrodes as 
the drive electrodes and second electrodes as the sense electrodes, for a first measurement. A 
second measurement is performed with one of the first and second electrodes acting as the 
drive electrodes, and with the other ones of the first and second electrodes acting as the sense 
electrodes, as will be described in more detail below. 

At step 220 an indicator indicative of the presence, absence or degree of an anomaly using 
the first and second impedance values is determined. Thus, the indicator indicates if the 
measurement made at the site is erroneous or otherwise indicative of an anomaly. In 
particular, such a reading will typically arise if a low impedance lesion or other biological 
anomaly is present between a drive and a measurement electrode pair. 

The indicator or anomaly can then be taken into account when performing analysis of 
impedance measurements at step 230. For example, the indicator may be used to identify 
and/or subsequently monitor the development of a low impedance lesion. Thus, this 
technique can be used to detect the presence, absence or degree of lesions or other biological 
anomalies. This can be used, for example, to identify cervical cancer, or the like. 
Additionally, and/or alternatively, knowledge of the anomaly can be taken into account when 
performing analysis of impedance measurements. 

In one example, impedance measurements can be performed over a region, such as an area of 
a subject's skin, to allow impedance mapping or other similar analysis to be performed. As 
the presence of anomalies or other erroneous readings can have a negative impact on any 
such impedance mapping process, identification of these anomalies or erroneous readings 
allows readings at the corresponding site to be rejected or otherwise modified so that they do 
not adversely affect the impedance mapping process. 
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An example of the process for identifying anomalies, including but not limited to tissue 
anomalies, erroneous readings, or the like will now be described in more detail with respect 
to Figure 3, 

In particular, at step 300 the signal generator 111 is used to apply a first drive signal to the 
subject S using a first electrode configuration. Thus for example, the current source 111 may 
be connected to the leads 123, 124, via the switching device 118, so that the electrodes 113, 
1 14 act as the drive electrodes. 

At step 310 a first signal induced across the subject S is measured. This is typically achieved 
by utilising the switching device 1 1 8 to interconnect the remaining measurement electrodes, 
in this case the electrodes 115, 116, to the sensor 112, thereby allowing signals induced 
within the subject S to be detected. 

At step 320 the processing system 102 utilises an indication of the applied and induced 
signals to determine a first impedance value. The first impedance value may be formed from 
one or more measured impedance values. Thus, for example, if a single frequency BIA 
device is used, a single measured impedance value may be determined, whereas if a BIS 
device is used, multiple measured values may be determined, with a single value being 
determined for each applied frequency. 

In addition, or alternatively to the impedance values being actual measured values, the 
impedance values may be based on impedance parameter values derived from the actual 
measurements. This can include parameter values such as the impedance at zero, 
characteristic or infinite frequencies (R 0 , Z C) J?*,), as will be described in more detail below. 

At step 330 the processing system 102 controls the switching device 118 to switch to an 
alternative electrode configuration. In this instance, for example, the electrodes 113, 115 
may be used as the drive electrodes with the electrodes 114, 116 being used as measurement 
or sense electrodes. Any other alternative configuration may also be used, depending on the 
implementation. 

At step 340, a second signal is applied to the subject S using the second electrode 
configuration, with the induced signal across subject S being measured at step 350. At step 
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360 the applied and induced signals are processed to determine a second impedance value, 
which again can be formed from one or more measured impedance values, or parameter 
values derived therefrom. 

At step 370, the processing system 102 uses the first and second impedance values to 
determine if any tissue anomalies might exist. An erroneous measurement will typically be 
determined if the difference between the first and second impedance values is greater than a 
reference amount. The magnitude of this reference may vary depending upon a number of 
factors and the processing system 102 is therefore typically arranged to compare the 
difference between the first and second impedance values to a reference value, which can be 
stored in memory, or the like. The reference value could be previously determined for 
example based on sample data colleted for a nominal reference population, or based on the 
difference determined for other sites, as will be described in more detail below. 

Once detected, this information can be used in one of two ways. For example, the measured 
values can be used to derive an indicator indicative of a biological anomaly, such as the 
presence, absence or degree of any tissue lesion, tumour, or the like, at step 380. The 
indicator can be in any one of a number of forms. 

In one example, the indicator can be in the form of a numerical value or graphical 
representation thereof. The numerical value can be calculated, for example by comparing the 
difference between the first and second impedance values to a reference obtained from a 
normal population, or the like. Alternatively, the difference can be scaled relative to the 
reference. As a further alternative, the difference can be compared to a previously 
determined difference for the subject, allowing a longitudinal analysis to be performed. This 
allows variations in the difference over time to be monitored, which can in turn be indicative 
of the growth or reduction of the lesion. The indicator may also include thresholds, 
indicative of the presence, absence of lesions or other anomalies. 

Alternatively, at step 390, the erroneous measurement can be taken into account when 
performing other impedance analysis. Thus, for example, if wound or other impedance 
mapping is being performed to monitor wound healing, or to perform large scale mapping of 
tissues, such as cervical tissue, or the like, any erroneous reading can be rejected to ensure 
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that this does not overtly influence the outcome of the analysis. Examples of this will be 
described in more detail below. 

An example of a specific apparatus arrangement for performing impedance measurements, 
and in particular, for performing impedance mapping, will now be described with reference 
to Figure 4. 

In particular in this instance an impedance measuring device 400 is connected to a switching 
device in the form of a multiplexer 410, which is controlled by a processing system or 
computer system 420, such as a personal computer or the like. In this instance the 
multiplexer 410 is coupled to an electrode array 430 having a number of electrodes 431 
provided thereon. 

In use the measuring device 400 generates signals to be applied to the subject via the 
electrode array with these signals being coupled to respective ones of the electrodes 431 
utilising the multiplexer 410. Similarly, signals induced across the subject S can also be 
returned from electrodes 431 to the impedance measuring device 400 via the multiplexer 410. 
Overall operation of the multiplexer 410 can be controlled using the computer system 420, 
allowing this process to be substantially automated. 

In one specific example, the measuring device 400 is in the form of an Impedimed Imp 
SFB7™. The drive and measurement electrodes from the SFB7 can be directed through a 
multiplexer 410, such as a 32 channel multiplexer (ADG732) from Analog Devices and 
switching of the multiplexer output channels can be controlled via custom software operating 
on a standard computer system 420. 

In this example, the electrode array 430 includes twenty five, 1 mm diameter electrodes 
separated by 0.77 mm in a 5x5 square. This allows a total of 64 separate measurements to be 
taken at 16 different sites giving an impedance map of 49 mm 2 on the surface of a subject, 
which may be an individual, a test medium, or the like. As a result of this, only 25 of the 
available 32 multiplexer channels are required for this arrangement. 

An example of use of the system will now be described with reference to Figure 5. 
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At step 500 the electrode array 430 is applied to the subject S, and connected to the 
multiplexer 410, as described above. At this stage, systems, such as the measuring device 
400, the multiplexer 410 and the computer system 420 are activated and configured as 
required in order to allow the measurement procedure to be performed. 

At step 510 the computer system 420 selects a next site for measurement. The electrodes 431 
are typically selected so as to form a tetrapolar arrangement, with a group of four electrodes 
431 in the array 430 defining the site being measured. An example of this is shown in 
Figures 6A to 6D, in which four electrodes 431 A, 43 IB, 43 1C, 43 ID are selectively used as 
measurement and drive electrodes for a single site. 

In this example, four measurements can be made at each site by using the drive and 
measurement electrode arrangements shown in Figures 6A to 6D. Thus, in Figure 6A, the 
electrodes 431 A, 43 IB act as the measurement electrodes Mi, M 2 , whereas the electrodes 
43 1C, 43 ID act as the drive electrodes Di, D 2 . Successive measurements at the site can be 
made using different electrode configurations in which the drive and measurement electrodes 
Mi, M 2 , Di, D 2 are used as shown so that the tetrapolar configuration is effectively rotated by 
90° for each successive measurement. 

To achieve this, at step 520 the measuring device 400 controls the multiplexer 410 to couple 
the measuring device to the electrodes in accordance with a next one of the electrode 
configurations for the currently selected tetrapolar array. Thus, for example, for the first 
measurement, the arrangement shown in Figure 6 A can be used so that the electrodes 431 A, 
43 IB act as the measurement electrodes Mi, M 2 , whereas the electrodes 43 1C, 43 ID act as 
the drive electrodes Di, D 2 . 

The measuring device 400 then applies a drive signal to the subject via the selected drive 
electrodes 43 1C, 43 ID, allowing the signal induced across the measurement electrodes 43 1 A, 
43 IB to be measured at step 530. An indication of this measured signal is returned to the 
measuring device 400, to allow the measuring device 400 to process the voltage and current 
signals and determine one or more an impedance values. 
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The impedance values determined will depend on the preferred implementation. For 
example, in the event that the measuring device 400 is performing BIA, then typically a 
single impedance value is calculated representing the measured impedance. 

In contrast, if the measuring device performs a multiple frequency BIS analysis, as is the case 
5 with the SFB7™ device described above, then the impedance value can be based on 
impedance parameter values, such as values of the impedance at zero, characteristic or 
infinite frequencies (R 0 , Z C) Rca), or an indicator indicative of the dispersion width of the 
impedance measurements (a). These values can be derived by the measuring device 400 
based on the impedance response of the subject, which at a first level can be modelled using 
10 equation (1), commonly referred to as the Cole model: 

z-r^ x*:*" a) 

1 + (jO)T) 

where: R^= impedance at infinite applied frequency, 

7?<f = impedance at zero applied frequency, 
co = angular frequency, 

15 r is the time constant of a capacitive circuit modelling the 

subject response. 

However, the above represents an idealised situation which does not take into account the 
fact that the cell membrane is an imperfect capacitor. Taking this into account leads to a 
modified model in which: 

20 Z = R*+ R °~ R " r (2) 

where: a has a value between 0 and 1 and can be thought of as an indicator of the 
deviation of a real system from the ideal model. 



The value of the impedance parameters R 0 and Roo may be determined in any one of a number 
of manners such as by: 
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• solving simultaneous equations based on the impedance values determined at 
different frequencies; 

• using iterative mathematical techniques; 

• extrapolation from a "Wessel plot"; 

5 • performing a function fitting technique, such as the use of a polynomial function. 

It will be appreciated that as an alternative to the analysis being performed by the measuring 
device 400, the analysis can be performed in part, or in total, by the computer system 420, 
depending on the preferred implementation. 

At step 550, the processing system 420 determines if all electrode configurations for the 
10 respective site are complete and if not returns to step 520. In this instance a next electrode 
configuration is selected, with steps 520 to 550 being repeated for this next electrode 
configuration. This process can then be repeated until each of the four electrode 
configurations shown in Figures 6A to 6D have been utilised for the current site. 

Whilst it is possible to use all four of the indicated electrode configurations for the tetrapolar 
configuration, this is not essential, and in some circumstances, it is sufficient to use any two 
or more of the possible configurations. Thus, for example, the configurations used in Figures 
6A and 6B can be used, in which the tetrapolar electrode configuration is effectively rotated 
by 90°. This is particularly useful as one drive and measurement electrode is effectively 
exchanged in the two different configurations, thereby maximising the chance of lesions 
located between the drive and measurement electrodes from being located, without requiring 
switching of each of the electrodes. 

Furthermore, this arrangement can be used to provide a sequence of drive and measurement 
electrode configurations that can be used to perform multiple measurements at successive 
sites, with only a single drive and single measurement electrode being switched between 
25 successive measurements. An example of this is shown in Figures 6E to 6 J. 

Once all the electrode configurations are complete for a specific site, the measuring device 
400 or the computer system 420 is used to analyse the impedance values and determine if the 
impedance measurements are indicative of a tissue anomaly. As mentioned above this may 
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be achieved in any one of a number of ways but typically involves examining the difference 
between measured impedance values. The reason for this is that the impedance measured at a 
given site should be substantially invariant irrespective of the electrode configuration used. 
Consequently, any variation in measured impedance values for different electrode 
5 configurations indicates that the tissue is non-uniform and in particular that there is likely to 
be a low impedance lesion situated between the drive electrodes Di, D2 and the measurement 
electrodes Mi, M 2 . 

In this regard, when the electrodes are provided in the arrangement of Figures 6A to 6D, 
there are usually regions of positive sensitivity between the drive electrodes Di, D2 and 
10 between the measurement electrodes Mi 5 M2. hi addition to this, there are generally regions 
of negative sensitivity between each pair of drive and measurement electrodes Di, M 2 and 
Mi, D2. These size and magnitude of the areas of negative and positive sensitivity will vary 
depending on the exact electrode configuration. 

For negative field region, a lower resistance than the surrounding tissue will result in an 
15 increase in measured impedance, whereas a lower resistance in the positive field region will 
result in a decrease in measured impedance. Example tissue electrical properties as given by 
Brown, B. H., Tidy, J. A., Boston, K., Blackett, A. D., Smallwood, R. H. and Sharp, F. 
(2000a). "Relation between tissue structure and imposed electrical current flow in cervical 
neoplasia" The Lancet 355: 892-895, are shown in Table 1 below. 

20 Table 1 



Healthy Tissue 
Mean (SD) 


Cancerous Tissue 
Mean (SD) 


R E = 19.0 (7.77) m 


i? £ = 3.85 (2.89) m 


2?/ = 2.31 (4.04) m 


Ri= 6.10 (2.57) m 


C= 1.12 (1.96) uF/m 


C=1.01 (1.93) uP/m 



Thus, as cancerous tissue generally has a lower resistance, a cancerous lesion between the 
drive electrodes D h D 2 or between the measurement electrodes Mj 9 M 2 will result in a 
decreased impedance measurement, whereas a lesion between the each pair of drive and 
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measurement electrodes D/ ? M2 or M u D 2 , will result in an increased impedance 
measurement. 

It will therefore be appreciated that examining differences between impedance measurements 
with different electrode configurations can allow tissue anomalies such as lesions, to be 
5 detected. 

In one example this is achieved by determining the difference between the impedance values 
determined using the different electrode configurations, at step 560. The maximum 
determined difference is then compared to a reference at step 570. The reference, which is 
typically previously determined and stored in memory of the measuring device 400 or the 
10 computer system 420, represents a threshold value so that if the difference between 
impedance values is greater than the reference, then this indicates that a tissue anomaly is 
present. 

The reference can be determined in any one of a number of ways depending on the preferred 
implementation. For example, the reference may be determined by studying a number of 
15 healthy individuals (individuals without lesions or other biological anomalies) and/or 
unhealthy individuals (individuals with lesions or other anomalies) and calculating a range of 
variations between impedance values at a given site. This can be used to provide an 
indication of typical differences between impedance values for a healthy individual, thereby 
allowing a threshold to be established for tissue anomalies. 

20 A further alternative is to derive the reference from previous measurements made for the 
respective individual. For example, if the individual undergoes a medical intervention, such 
as surgery, or the like, which may result in a lesion forming, then measurements can be made 
for the individual prior to the intervention, or following initial development of the lesion. 
This can be used to establish a baseline of differences in impedance values for the individual, 

25 either prior to the lesion forming, or following lesion formation. This baseline can then be 
used as a subject specific reference so that changes in the difference between the impedance 
values for the individual, can be used to monitor lesion development and/or effectiveness of 
treatment. 



WO 2010/060152 



PCT/AU2009/001553 



-32- 

A further option is to determine the reference using a statistical analysis of measurements 
made for a number of different sites. This could be performed by examining the mean 
difference for a number of sites over a region, and then calculating the reference based on a 
value that is a number of standard deviations from the mean. Accordingly, in this instance, 
5 an anomaly is identified if the difference for a site is more than a set number of standard 
deviations from the mean difference value for a number of sites. 

In any event, if the reference is exceeded and the result is determined to be indicative of a 
tissue anomaly at step 580, then the site is identified as a tissue anomaly at step 590, in which 
case an appropriate indicator can be generated. The indicator could be indicative of the 
10 difference, the measured impedance values, impedance parameters, or the like. Alternatively, 
the indicator could be indicative of the result of the comparison, such as a colour indication 
indicating the presence or absence of a lesion, tumour or other anomaly. Thus, in one 
example, the probe can include indicator lights, allowing the indication to be provided. 
Alternatively, output may be via a display, or the like. 

15 Once this is completed or otherwise, at step 600 the computer system 420 will determine if 
all sites are complete and if not will return to step 510 to select the next site in the electrode 
array 430. This will typically involve using the electrodes 63 1C, 63 ID and two electrodes in 
the next column in the array. 

This process can be repeated for all of the sites defined by the electrode array 630, allowing 
20 an impedance map to be generated at 610. An indicator in the form of an impedance map can 
be used to indicate variations in tissue properties, or the like, which in turn can be used for a 
number of purposes, such as to monitor healing of wounds, or to allow anomalies to be 
identified, or the like. 

As will be appreciated by persons skilled in the art, being able to identify, and subsequently 
25 discount or otherwise account for such tissue anomalies allows improved results to be 
obtained for impedance mapping processes. 



Furthermore, this process can also be used to identify and monitor low impedance lesions, 
tumours or the like. For example, determining the magnitude of the difference between 
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different impedance values obtained for a given site allows an indication of the severity of 
the lesion to be determined. By monitoring changes in the difference over time, this allows 
variations in lesion severity over time to be monitored. 

Specific example trials of the process of performing impedance mapping will now be 
5 described. 

The blood for each trial was collected from the same animal and treated with 70 mg/L of 
heparine to prevent coagulation. Blood for each measurement was prepared in the same 
manner by allowing it to cool to room temperature (22 °C) and the red blood cells separated 
via a centrifuge. The separated red blood cells and plasma could then be mixed in appropriate 
10 proportions to obtain the required haematocrit for testing. Samples were also collected and 
allowed to coagulate, these were used to represent a high impedance tissue medium at R 0 due 
to the small extracellular space. 

In a first example, impedance maps were initially established for homogenous haematocrit in 
an in-vitro environment. To achieve this, bovine blood was used as the conductive medium, 
15 with impedance maps being obtained using homogenous samples with a range of haematocrit 
values (0, 20, 40, 60, 80%). 

The impedance maps of Rq measured for blood samples of various haematocrit are shown in 
Figure 8. Each measurement location shown was measured using the tetrapolar electrode 
orientation arrangement described above, at each of the four possible electrode orientations. 
20 These four R 0 values measured using different electrode orientation were then averaged to 
produce one R 0 map as shown in Figure 9A. 

A plot of mean R 0 for each impedance map against haematocrit is shown in Figure 9B. This 
highlights that there is a large increase in impedance with haematocrit concentration. The plot 
follows an exponential trend as expected since the R 0 value of a sample with haematocrit of 
25 100 % would approach infinity due to the very small extracellular space. The range of 
haematocrit values has also shown to have a significant and measurable change in Ro. This is 
useful if impedance maps were to be determined with two or more volumes of blood with 
differing haematocrits. 
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In a second trial, the electrode array 430 was covered with plasma (haematocrit of 0%) and 
red blood cells (haematocrit of 100%) injected onto the corner of the electrode array, as 
shown for example in Figure 7. 

An example of the bioimpedance map of an average value of Ro obtained for each site is 
5 shown at 1000 in Figure 10. The smaller four maps 1001, 1002, 1003, 1004, correspond to 
the impedance values for Ro measured using respective electrode configurations, as shown 
for example in Figures 6 A to 6D. 

It is evident from the above examples that bioimpedance maps for haematocrit 0 to 80% 
result in reasonably consistent values of Ro (standard deviation <3%). The uniform 
10 measurements also demonstrate that the remaining 21 electrodes have little effect on the 
measurements from the 4 electrodes actively involved. Hence these 21 electrodes do not 
shunt the current between the active drive electrodes. 

The bioimpedance map of plasma with introduced cells clearly shows an increase in Ro at the 
site of the introduced cells, shown in Figure 10. The R 0 value in the lower left corner (95 Q) 
15 is much higher than that in the upper right corner (62 which corresponds to that of the 
homogenous plasma sample. While the resistance in the lower left corner is higher than that 
of plasma it is less than that obtain for 80 and 60% haematocrit. The reason for this is due to 
the cells dispersing throughout the plasma (as shown in Figure 7) effectively reducing the 
haematocrit of the introduced red blood cell sample. 

20 As shown in this example, the values of R 0 determined for the site 1005 differ significantly 
for the four different orientations, thereby indicating the presence of a biological anomaly at 
the site 1005. 

In this example, the sensitivity region between the two electrodes 43 IB, 43 ID is positive for 
the maps 1002, 1004 resulting in an increased measured impedance if a higher impedance 
25 medium is present between the electrodes. This increase in impedance is clearly seen in the 
maps 1002, 1004. The maps 1001, 1003 on the left show a decrease in impedance because 
the region between the two electrodes 43 IB, 43 ID is of negative sensitivity in this 
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configuration, thereby resulting in a decreased measured impedance when a higher 
impedance medium is located in the region. 

When performing an impedance analysis, the can be taken into account by excluding this site 
from the larger impedance map, allowing an accurate average to be determined that excludes 
5 any anomaly. Alternatively different mechanisms may be used for taking this into account. 
For example, averaging of the four measured values of Ro, at the given site, can reduce the 
impact of the tissue anomaly. In this regard, the averaged impedance map would be 
unaffected since the higher and lower measured impedance values effectively average to 
cancel each other out, so that the Ro value in this region of the larger map is not anomalous. 

10 Alternatively, the impedance of adjacent sites can be used to determine a value for R 0 which 
is unaffected by the tissue anomaly. Thus, for example, examination of the maps 1001, 1002, 
1003, 1004 for each tetrapolar configuration highlights that the determined impedance values 
determined for the site 1005 in the maps 1001, 1003 are similar to those of adjacent sites, 
whereas the impedance values determined for the site 1005 in the maps 1002, 1004 are 

15 significantly different. This implies that the lesion or other tissue anomaly is located between 
the drive and measurement electrodes for the electrode configurations used in determining 
the maps 1002, 1004, meaning that these readings are erroneous. Consequently, the 
impedance value used for the overall impedance map could be based on the impedance 
values determined for the impedance maps 1001, 1003 as these readings are more likely to be 

20 accurate. 

This can be performed for example to discount readings that are believed to be anomalous, 
for example due to errors in the measuring process, poor electrode contact, or the like. 

However, more typically the results are used to detect tissue anomalies, such as lesions or the 
like. Thus, as measurements made using orthogonal electrode orientations at a region of non- 
25 homogeneity will produce different measured impedances, whereas a region of homogeneity 
will produce the same measurements. This allows tissue anomalies, such as lesions, to be 
identified, and furthermore allows lesion boundaries to be determined. 
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An example of this will now be described with reference to Figure 11. For the purpose of 
this example, the impedance map of plasma with introduced red blood cells shown in Figure 
10 was used. In this example, the smaller maps 1001, 1003 are averaged, as are maps 1002, 
1004, with the difference between these resulting maps being shown in the map 1100 of 
5 Figure 1 1 . 

In this example, a region 1101 is highlighted which has low positive values of R 0 , where 
dispersed blood is present, and this is due to different haematocrits being located under each 
of these electrode sets. Within this region, the site 1 102 has an R 0 value of zero due to a high 
but homogeneous haematocrit sample being located under the electrode set. 

10 In an upper right region 1 103 of the impedance map, the average R 0 values are close to zero 
due to the sample under the electrode sets being homogeneous plasma, the red blood cells 
having not dispersed into this region. 

At the site 1105, a large negative value of R 0 is present, implying the presence of a tissue 
anomaly or lesion. The site 1 106 is also negative, but not to such a degree. This implies that 
15 a tissue anomaly is likely to be present at the site 1 105 and that this may extend slightly into 
the site 1 106. Accordingly, it will be appreciated that this not only allows tissue anomalies to 
be identified, but also allows the extent and/or boundaries of the tissue anomaly to be 
determined. 

In a third example, a clot was introduced to the plasma in place of the red blood cells. 
20 Figures 12A, to 12C, display typical impedance maps 1200 with clots introduced in various 
regions on the electrode array. In the example of Figures 12A to 12C, the average value of Rq 
obtained for each site is shown at 1200, with the four smaller maps 1201, 1202, 1203, 1204, 
corresponding to the impedance values for R 0 measured using respective electrode 
configurations, as shown for example in Figures 6A to 6D. 

25 In Figure 12 A, the clot is introduced beneath a central electrode, the location of which is 
shown at 1210. In Figure 12B, the clot is located at the site 1220, whilst in the example of 
Figure 12C, the clot is provided in the region 1230, encompassing the sites 1231, 1232. 
These examples show clear impedance changes at the boundaries of the red blood cell clots 
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due to minimal dispersion of red blood cells. This highlights how in practice the process can 
be used to identify the size of tissue anomalies, such as lesions and monitor their growth or 
change in shape over time. 

It will therefore be appreciated that the above described methods provide techniques for 
5 identifying the presence, absence and even extent of tissue anomalies, such as lesions. These 
anomalies did not appear to alter the resultant impedance map once averaged, meaning that 
the averaging of results prevents the tissue anomalies being detected. However, this does 
mean that even in the event that anomalies exist, this avoids the need to remove and discard 
such measurements. 

10 Thus, the above described techniques provide a non-subjective method for determining lesion 
size and hence possible biopsy margins. 

Notably, by using an electrode array coupled to a suitable switching system, this allows 
measurements to be rapidly performed over an area of the subject. Furthermore, by using 
only two measurements at each site, this can reduce the number of measurements required at 
15 each region and minimise the time taken to acquire an impedance map. 

Further features will now be described. 

In this regard, the accuracy of the measurement of impedance can be subject to a number of 
external factors. These can include, for example, the effect of capacitive coupling between 
the subject and the surrounding environment, the leads and the subject, the electrodes, or the 

20 like, which will vary based on factors such as lead construction, lead configuration, subject 
position, or the like. Additionally, there are typically variations in the impedance of the 
electrical connection between the electrode surface and the skin (known as the "electrode 
impedance"), which can depend on factors such as skin moisture levels, melatonin levels, or 
the like. A further source of error is the presence of inductive coupling between different 

25 electrical conductors within the leads, or between the leads themselves. 

Such external factors can lead to inaccuracies in the measurement process and subsequent 
analysis and accordingly, it is desirable to be able to reduce the impact of external factors on 
the measurement process. 
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A specific example of the functionality implemented by the processing system 102 will now 
be described with reference to Figure 13. In this example the processing system 102 
implements the functionality using appropriate software control, although any suitable 
mechanism may be used. 

In this example the processing system 102 includes a timing and control module 1300, an 
interface module 1301, an analysis module 1302, sine wave look up tables (LUTs) 1303, 
1304, a current module 1305, and a voltage module 1306. 

A number of analogue to digital converters (ADCs) 1327A, 1327B, 1328A, 1328B and 
digital to analogue converters (DACs) 1329A, 1329B are provided for coupling the 
processing system 102 to two signal generators 111A, 11 IB, one of which is provided for 
each of the drive electrodes, and two sensors 1 12 A, 1 12B one of which is provided for each 
of the sense electrodes, as will be described in more detail below. 

The signal generators 111A, 11 IB, and the two sensors 112A, 112B are coupled to the 
electrodes 113, 1 14, 115, 116 via the switching device 118, which is in turn connected to the 
timing and control module 1300. This arrangement allows the timing and control module 
1300 to selectively interconnect the signal generators 111A, 11 IB, the two sensors 112A, 
1 12B and the electrodes 1 13, 1 14, 1 15, 1 16, allowing different electrode configurations to be 
provided. 

In use, the timing and control module 1300 determines the measurements to be performed, 
typically in accordance with input commands received from the input 105 via the interface 
module 1301 and uses this information to access the LUTs 1303, 1304, which in turn cause a 
digital sine wave signal to be produced based on the specified frequency and amplitude. The 
digital control signals are transferred to the DAC's 1329A, 1329B, to thereby allow analogue 
control signals indicative of the voltage drive signals Vda, Vdb to be produced. 

Measured analogue voltage and current signals V SA , Vsb, Isa, Isb are digitised by the ADC's 
1327, 1328 and provided to the current and voltage modules 1305, 1306. This allows the 
processing system 102 to determine the current flow by having the current module 1305 
determine the total current flow through the subject using the two current signals Isa, Isb, with 
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an indication of this being provided to the analysis module 1302. The voltage module 1306, 
which is typically in the form of a differential voltage amplifier, or the like, operates to 
determine a differential voltage, which is also transferred to the analysis module 1302, 
allowing the analysis module to determine impedance values using the current and 
5 differential voltage signals. 

The control module 1300 may also be coupled to a fault detection module 1308. This 
monitors the magnitude of signals applied to the subject to determine if these are within 
acceptable threshold levels. If not, the fault detection module 1308 can cause the process to 
be halted or to allow an alert to be generated. 

10 An example of the process for performing impedance measurements for lesion detection, will 
now be described with reference to Figures 14A to 14C. 

At step 1400 an impedance measurement type is selected, with the processing system 102 
selecting a next measurement frequency f h at step 1405. Following this, at step 1410, the 
processing system 102 determines an electrode configuration for a first measurement at a site, 
15 and configures the switching device 118 accordingly, so that the signal generators 111A, 
11 IB, and the sensors 112A, 112B are connected to the electrodes 113, 114, 115, 116 as 
required. 

At step 1415, the processing system 102 generates a sequence of digital voltage control 
signals. The digital control signals are converted to analogue control signals indicative of the 
20 voltage drive signals V DA , Vdb using the DACs 1329A, 1329B at step 1420, allowing the 
analogue control signals to be provided to each of the signal generators 111A, 11 IB at step 
1425. This causes each signal generator 111A, 11 IB to generate respective voltage drive 
signals Vda, V db and apply these to the subject S at step 1430, via the switching device 118 
and selected ones of the electrodes 1 13, 1 14, 1 15, 1 16 acting as drive electrodes. 

25 At step 1435 the voltage induced across the subject is determined by having the sensors 
112A, 112B sense voltages Vsa, V S b at other selected ones of electrodes 113, 114, 115, 116, 
acting as sense electrodes. Thus, for example, if the electrodes 113, 114 are acting as drive 
electrodes, the electrodes 115, 116 will act as sense electrodes. 
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The sensed voltage signals Vsa> Vsb are digitised by the corresponding ADCs 1327A, 1327B 
at step 1440. At step 1445 current signals I S a, Isb, caused by application of the voltage drive 
signals Vda, Vdb, are determined using the signal generators 111A, 11 IB, with an indication 
of the current signals Isa, Isb being transferred to the ADCs 1328A, 1328B for digitisation at 
5 step 1450. 

At step 1455 the digitised current and voltage signals Isa, Isb, Vsa, Vsb are received by the 
processing system 102 allowing the processing system 102 to determine the magnitude of the 
applied current Is at step 1460. This may be performed using the current addition module 
1305 in the above described functional example of Figure 13, allowing the fault detection 
10 module 1308 to compare the total current flow Is through the subject to a threshold at step 
1465. If it is determined that the threshold has been exceeded at step 1470 then the process 
may terminate with an alert being generated at step 1475. 

This situation may arise, for example, if the device is functioning incorrectly, or there is a 
problem with connections of electrodes to the subject, such as if one is not in correct 
electrical contact with the subject's skin or tissue. Accordingly, the alert can be used to 
trigger a device operator to check the electrode connections and/or device operation to allow 
any problems to be overcome. It will be appreciated, that any suitable form of corrective 
action may be taken such as attempting to restart the measurement process, reconnecting the 
electrodes to the subject S, reducing the magnitude of the current through the subject, or the 
like. 

At step 1480, the processing system 102 operates to determine the differential voltage sensed 
across the subject. In the functional example described above with respect to Figure 13, this 
can be achieved using the differential voltage module 1306. At step 1485 the analysis 
module 1302 operates to determine ratio and phase signals, representing the impedance of the 
25 subject S, at the applied frequency f f using the current and differential voltage signals. In the 
above functional example, this can be performed using the analysis module, and some form 
of signal analysis, such as phase quadrature analysis, depending on the preferred 
implementation. 
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At step 1490, the processing system determines if all required electrode configurations have 
been analysed. Thus, as described above, it is typical to perform multiple measurements at a 
given site using a different electrode configuration, and in particular a different combination 
of drive and sense electrodes. If the required configurations have not been completed, then 
5 the process returns to step 141 0, allowing the processing system 102 to reconfigure the 
switching device 118, allowing a different electrode configuration to be implemented. 

Thus, for example, if initially the electrodes 113, 114 are acting as drive electrodes, and the 
electrodes 115, 116 are acting as sense electrodes, then the switching device 118 is 
reconfigured to provide an alternative configuration, such as having the electrodes 113, 115 
10 act as drive electrodes, and the electrodes 114, 116 act as sense electrodes, allowing the 
process to be repeated at the different configuration. 

If all required configurations have been tried, then at step 1495, it is determined if 
measurements at each of the frequencies have been performed, and if not, the process may 
return to step 1405 to allow the process to be repeated at a next measurement frequency f h It 
15 will be appreciated that the use of multiple frequencies may only be required in some 
circumstances, such as if BIS is being performed, and may not be required in all examples. 

Once all required frequencies are complete, at step 1500 the processing system 102 to 
analyse the impedance measurements, and determine the presence, absence of degree of any 
anomaly, as described above. 

20 It will be appreciated that in the above example, multiple measurements may be performed at 
a given site. However, additionally measurements may also be performed over multiple sites, 
assuming the device 130 has sufficient electrodes to allow this to be performed. 

In any event, the above described process this allows a number of impedance measurements 
to be performed using different electrode configurations, thereby allowing the detection of 
25 anomalies, such as lesions, using the techniques outlined above. 

An example of the configuration of the signal generator and sensor for a single one of the 
channels, will now be described with reference to Figure 15 A. 
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The apparatus incorporates a substrate 1550, such as a printed circuit board (PCB), or the 
like, having the respective signal generator 111 and sensor 112 mounted thereon. The 
general functionality of the signal generator 111 and sensor 112 are represented by the 
components shown. In practice a greater number of components may be used in a suitable 
5 arrangement, as would be appreciated by persons skilled in the art, and the components 
shown are merely intended to indicate the functionality of the signal generator and the sensor 
111, 112. 

The substrate 1550 and associated components may be provided in a suitable housing, such 
as the handle portion 132 of the probe 130, to protect them during use, as will be appreciated 
10 by persons skilled in the art. 

The signal generator 111 and the sensor 112 are coupled via respective cables 1561, 1562 to 
the switching device 118, and it will be appreciated from this that in practice a second signal 
generator 1 1 1 and second sensor 112, having a similar configuration, would also be provided. 
The switching device, is then coupled to the electrodes 1 13, 1 14, 1 15, as required. 

15 In this example, the signal generator 1 1 1 includes an amplifier A j having an input coupled to 
a connection 1551. The input is also coupled to a reference voltage, such as ground, via a 
resistor Rj. An output of the amplifier Aj is connected via a resistor R 2 , to a switch SW, 
which is typically a CMOS (complementary metal-oxide semiconductor) switch or a relay 
that is used to enable the voltage source. The switch SW is controlled via enabling signals 

20 EN received from the processing system 102 via a connection 1552. 

The switch SWis in turn coupled via two resistors R 3 , R 4 , arranged in series, and then, via the 
connection 1561, to the conductive pad 1563. A second amplifier A2 is provided with inputs 
in parallel with the first of the two series resistor R 3 and with an output coupled via a resistor 
R5, to a connection 1553. 

25 It will be appreciated from the above that the connections 1551, 1552, 1553 therefore forms 
the lead 123 of Figure 1A. A range of different resistor values may be used, but in one 
example, the resistors have values of Rj = R 2 - i? 5 ^ and R 3 ^R 4 = 100Q. 
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The sensor 111 generally includes an amplifier A3 having an input connected via a resistor 
Re, to the connection 1562. The input is also coupled via a resistor i? 7 , to a reference voltage 
such as a ground. An output of the amplifier A 3 is coupled to a connection 954, via a resistor 
R7. 

5 It will be appreciated from the above that the connection 1554 therefore forms the lead 125 of 
Figure 1A. A range of different resistor values may be used, but in one example, the resistors 
have values of R 6 = 100Q, R 7 = 10MQ and, R 8 = 50Q. 

Optional power connections 1555 can be provided for supplying power signals +Ve, -Ve, for 
powering the signal generator 111 and the sensor 112, although alternatively an on board 
10 power source such as a battery, may be used. Additionally, a connection 1556 may be 
provided to allow an LED 1557 to be provided on the substrate 1550. This can be controlled 
by the processing system 102, allowing the operating status of the signal generator and sensor 
to be indicated. 

Operation of the signal generator 111 and the sensor 112 will now be described in more 
15 detail. For the purpose of this explanation, the voltage drive signal, current signal and sensed 
voltage will be generally indicated as Vd> Is, Vs, and in practice, these would be equivalent to 
respective ones of the voltage drive signals, current signals and sensed voltages Vda, Vdb, Isa, 
Isb, Vsa, Vsb in the example above. 

In use, the amplifier Aj operates to amplify the analogue voltage signal received from the 
DAC 1329 and apply this to the subject S via the connection 1561, so that the applied voltage 
drive signal V D drives a current signal Is through the subject S. The voltage drive signal V D , 
will only be applied if the switch SW is in a closed position and the switch SW can therefore 
be placed in an open position to isolate the voltage source from the subject S. This may be 
used if a pair of drive and sense electrodes 113, 115 are being used to sense voltages only, 
and are not being used to apply a voltage drive signal Vn to the subject S. Isolating the signal 
generator 111 from the drive electrode 113 removes the unintended return current path(s) that 
would otherwise be present due to the low output impedance of the amplifier A /, thereby 
constraining current to flow only between the two selected drive electrodes 113. Other 
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techniques may be used to achieve a similar effect, such as using an amplifier incorporating a 
high impedance output-disable state. 

The current signal Is being applied to the subject S is detected and amplified using the 
amplifier A2, with the amplified current signal Is being returned to the processing system 102, 
5 along the connection 1553 and via the ADC 1328. 

Similarly, the sensor 112 operates by having the amplifier A3 amplify the voltage detected at 
the second electrode 115, returning the amplified analogue sensed voltage signal Vs along the 
connection 1554, to the ADC 1327. 

Another potential source of error in impedance measurement processes is caused by cross 
10 electrode capacitive coupling. As shown in Figure 15B, the relative proximity of the 
electrodes 113, 115 and the corresponding connections 1561, 1562, results in an effective 
capacitance Cos, between the output of the drive amplifier A 7 and the input of the sense 
amplifier A3. Accordingly, this will cause a parasitic current flow between the amplifiers 
electrodes Aj 9 A3, which can in turn result in inaccuracies in the measurements, particularly at 
1 5 higher frequencies . 

To cancel the cross electrode capacitive coupling a cross electrode capacitance cancelling 
circuit is provided, as shown in Figure 15C, which shows an equivalent circuit modelling the 
electrical responsiveness of the electrodes 1 13, 1 15 in use. 

In this example, the impedances of each electrode 113, 115 and the subject S are represented 
20 by respective impedances Z//5, Z//j, Zs, formed by respective resistor and capacitor 
arrangements. The cross electrode capacitance cancelling circuit 1570 is coupled to the 
output of the drive amplifier A] and the input of the sense amplifier A3, and includes an 
inverting amplifier A 4, having an input coupled to the output of the drive amplifier A] and 
optionally in a differential arrangement to the input of sense amplifier A3. The output of the 
25 inverting amplifier is connected in series via a resistor Rjq and a capacitor Cjo, to the input of 
the sense amplifier A3. 

In one example, any signal output from the drive amplifier Aj will be inverted and then 
applied to the input of the sense amplifier A3. By selecting appropriate values for the resistor 
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Rio and a capacitor C I0 , this allows the inverted signal to have a magnitude equal to the 
magnitude of any signal resulting from the effective cross electrode capacitance C D s- 

In the differential example, the arrangement takes into account the fact that the magnitude of 
any leakage current between the electrodes is related to the magnitude of the cross electrode 
5 capacitance C D $ and the voltage across it. Accordingly, the differential arrangement can take 
this into account by applying a voltage to the capacitor C J0 which is the same amount above 
the input of sense amplifier A3 as the output of the drive amplifier A 7 is below it. 

However, it will be appreciated that the non differential arrangement can be used as this 
provides a suitable approximation to the differential approach, particularly if appropriate 
10 values are selected for the resistor Rjo and a capacitor C70. 

In one example, the resistance and/or capacitance of the resistor R }0 and capacitor Cio 
respectively, can be adjusted, through the use of suitable adjustable components, such as a 
variable resistor or capacitor. This allows the magnitude and/or phase of the inverted signal 
to be controlled so that it effectively cancels the signal resulting from the effective cross 
15 electrode capacitance C DS * It will be appreciated that adjustment of the components may be 
performed during a calibration process, which will typically include the complete electrode 
unit together with its associated electrodes attached so that all parasitic capacitances are 
accurately represented. 

Accordingly, the cross electrode capacitance cancelling circuit 1570 provides an effective 
20 negative capacitance between the drive electrode 113 and corresponding sense electrode 115, 
so that a negative current flow occurs, thereby cancelling the parasitic current. This therefore 
negates the effect of any capacitive coupling between the drive and sense electrodes 113, 
115. 

The apparatus may also include an input capacitance cancelling circuit, an example of which 
25 is shown in Figure 1 5D. 



In use, the sense electrodes 115 can capacitively couple to the environment, which results in 
an effective input capacitance C E i at the input of the sense amplifier A 3 . The effective 
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capacitance allows signal leakage from the input of the sense amplifier to ground, thereby 
reducing the signal available at the amplifier input. 

Accordingly, in this example, an input capacitance cancelling circuit 1580 is provided which 
connects the positive amplifier input of the sense amplifier A3 to the output of the sense 
5 amplifier, via a resistor Rjj and a capacitor C/;. This acts as a positive feedback loop, 
allowing a proportion of the amplified signal to be returned to the amplifier input. This acts 
to cancel the reduction in signal at the amplifier input that is caused by the effective input 
capacitance Cru and therefore provides an effective negative capacitance that cancels the 
effect of the effective input capacitance Cei at the amplifier input. Again, the input 
10 capacitance cancelling circuit requires tuning, which can be achieved during calibration by 
suitable adjustment of the values of the resistor Ru and/or the capacitor Cjj. 

As briefly mentioned above, when separate connections 123, 125, are used for the voltage 
signal Vs and the current signal Is, then inductive coupling between the leads 123, 125 can 
result in EMFs being induced within the leads 123, 125. The magnitude of the EMF is 

15 dependent on the degree of coupling between the leads 123, 125 and hence their physical 
separation, and also increases in proportion to the frequency and amplitude of the current 
signal Is. The EMF induced within the leads 123, 125 results in an effective EMF across the 
input of the sensor 118. As a result, a component of the sensed voltage signal Vs is due to the 
induced EMF, which in turn leads to inaccuracies in the determined voltage signal Vs and the 

20 current signal Is* 

The effect of inductive coupling varies depending on the physical separation of the leads 123, 
125. Accordingly, in one example, the effect of inductive coupling between leads can be 
reduced by physically separating the connections 1551, 1552, 1553, 1554, 1555, 1556 as 
much as possible. 

25 Additionally, as the physical arrangement of connections within the device will be constant 
any EMF induced along the connections is also substantially constant, allowing this to be 
accounted for during a calibration process. 
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Accordingly, when the apparatus 100/130 is initially configured, and in particular, when the 
algorithms are generated for analysing the voltage and current signals V s , Is, to determine 
impedance measurements, these can include calibration factors that take into account the 
induced EMF. In particular, during the configuration process, an apparatus 100/130 can be 
5 used to take measurements from reference impedances, with the resulting calculations being 
used to determine the effect of the induced EMF, allowing this to be subtracted from future 
measurements. 

Persons skilled in the art will appreciate that numerous variations and modifications will 
become apparent. All such variations and modifications which become apparent to persons 
10 skilled in the art, should be considered to fall within the spirit and scope that the invention 
broadly appearing before described. 

Thus, for example, it will be appreciated that features from different examples above may be 
used interchangeably where appropriate. Furthermore, whilst the above examples have 
focussed on a subject such as a human, it will be appreciated that the measuring device and 
15 techniques described above can be used with any subject such as an animal, including but not 
limited to, primates, livestock, performance animals, such race horses, or the like, as well as 
to in- vitro samples, or the like. 

The above described processes can be used for determining the health status of an individual, 
including determining the presence, absence or degree of a range of biological anomalies. It 
20 will be appreciated from this that whilst the above examples use the term lesion, this is for 
the purpose of example only and is not intended to be limiting. 

Furthermore, whilst the above described examples have focussed on the application of a 
current signal to allow a voltage to be measured, this is not essential and the process can also 
be used when applying a voltage signal to allow a current to be sensed. 

25 The above described impedance maps are determined based on the value of the impedance 
parameter Ro. However, it will be appreciated that impedance maps based on other 
impedance parameters, such as actual measured impedances, or values of Rao, Z c , or the like. 
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Whilst the above described techniques have focused on the detection of lesions and other 
anomalies in the cervix, it will be appreciated that the above described techniques can be 
used for detecting lesions in a range of situations, and can therefore also be used in the 
diagnosis of prostate cancer, or the like. The detection of lesions can also be used in cancer 
5 screening, as well as in the triage of abnormal cytology or a HPV high risk genotype positive 
result. 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

1) Apparatus for use in performing impedance measurements on a subject, the apparatus 
including: 

a) a probe having a plurality of electrodes, the probe being configured to allow at least 
5 some of the electrodes to be in contact with at least part of the subject; and, 

b) a processing system for: 

i) determining at least one first impedance value, measured at a site using a first 
electrode configuration; 

ii) determining at least one second impedance value, measured at the site using a 
10 second electrode configuration; and, 

iii) determining an indicator indicative of the presence, absence or degree of an 
anomaly using the first and second impedance values. 

2) Apparatus according to claim 1, wherein at least part of the probe is configured to be 
inserted into the subject so that at least some of the electrodes are in contact with cervical 

15 tissues. 

3) Apparatus according to claim 1 or claim 2, wherein the probe includes: 

a) a probe portion including the plurality of electrodes; and, 

b) a handle portion. 

4) Apparatus according to claim 3, wherein the probe portion is removably attached to the 
20 handle portion. 

5) Apparatus according to claim 4, wherein the probe portion is for insertion into the 
subject 

6) Apparatus according to any one of the claims 3 to 5, wherein the handle portion includes 
at least one of: 

25 a) at least part of the processing system; 

b) a signal generator for applying drive signals to the electrodes; 

c) a sensor for determining measured signals at the electrodes; 

d) a multiplexer for selectively connecting the electrodes to the signal generator and the 
sensor; and, 

30 e) a capacitance cancelling circuit. 
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7) Apparatus according to claim 6, wherein the processing system includes a first processing 
system and a second processing system and wherein at least one of the first and second 
processing systems is provided in the handle portion. 

8) Apparatus according to any one of the claims 1 to 7, wherein the apparatus includes: 

5 a) a signal generator for applying drive signals to the subject using drive electrodes; and, 

b) a sensor for determining measured signals using measurement electrodes. 

9) Apparatus according to claim 8, wherein the apparatus includes a switching device for 
selectively interconnecting the signal generator and sensor to the electrodes. 

10) Apparatus according to any one of claims 1 to 9, wherein the apparatus includes a 
10 tetrapolar electrode arrangement, the first and second electrode configurations using a 

different configuration of drive and measurement electrodes. 

1 1) Apparatus according to any one of the claims 1 to 10, wherein the apparatus includes an 
electrode array having a number of electrodes provided thereon, and wherein in use, 
selected ones of the electrodes are used as drive and measurement electrodes. 

15 12) Apparatus according to claim 11, wherein the processing system: 

a) causes a first measurement to be performed at a site using first and second electrodes 
as drive electrodes and using third and fourth electrodes as measurement electrodes; 
and, 

b) causes a second measurement to be performed at the site using first and third 
20 electrodes as drive electrodes and using second and fourth electrodes as measurement 

electrodes. 

13) Apparatus according to claim 1 1 or claim 12, wherein the processing system: 

a) causes a measurement to be performed at a site using first and second electrodes as 
drive electrodes and using third and fourth electrodes as measurement electrodes; and, 
25 b) causes a measurement to be performed at a second site using at least two of the first, 

second, third and fourth electrodes. 

14) Apparatus according to claim 1 1, wherein the processing system: 

a) causes a first measurement to be performed at a first site using first and second 
electrodes as drive electrodes and using third and fourth electrodes as measurement 
30 electrodes; 
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b) causes a second measurement to be performed at the first site using first and third 
electrodes as drive electrodes and using second and fourth electrodes as measurement 
electrodes; 

c) causes a first measurement to be performed at a second site using third and fifth 
5 electrodes as drive electrodes and using fourth and sixth electrodes as measurement 

electrodes; and, 

d) causes a second measurement to be performed at the second site using third and 
fourth electrodes as drive electrodes and using fifth and sixth electrodes as 
measurement electrodes. 

10 15) Apparatus according to any one of the claims 1 to 14, wherein the apparatus includes a 
capacitance cancelling circuit for cancelling capacitance coupling between first and 
second electrodes. 

16) Apparatus according to claim 15, wherein the capacitance cancelling circuit includes an 
inverting amplifier for coupling a signal generator output to a sensor input. 
15 17) Apparatus according to claim 16, wherein the inverting amplifier applies a capacitance 
cancelling signal to the sensor input to thereby cancel any effective capacitance between 
the first electrode and the second electrode. 

18) Apparatus according to claim 16 or claim 17, wherein an inverting amplifier output is 
coupled to the sensor input via at least one of: 

20 a) a resistor; 

b) a capacitor; and, 

c) an inductor. 

19) Apparatus according to claim 18, wherein at least one of a resistor and capacitor are 
adjustable, thereby allowing a capacitance cancelling signal applied to the sensor input to 

25 be controlled. 

20) Apparatus according to any one of the claims 1 to 19, wherein the apparatus includes an 
input capacitance cancelling circuit for cancelling an effective input capacitance at a 
sensor input. 

21) Apparatus according to claim 20, wherein the apparatus includes a feedback loop for 
30 connecting a sensor output to the sensor input. 

22) Apparatus according to claim 21, wherein the feedback loop includes at least one of: 
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a) a resistor; 

b) a capacitor; and, 

c) an inductor. 

23) Apparatus according to claim 22, wherein at least one of a resistor and capacitor are 
5 adjustable, thereby allowing a current flow from the sensor output to the sensor input to 

be controlled. 

24) Apparatus according to claim 22 or claim 23 , wherein the feedback loop applies an input 
capacitance cancelling signal to the sensor input to thereby cancel any effective 
capacitance at the sensor input. 

10 25) Apparatus according to any one of the claims 1 to 24, wherein the processing system 
determines an impedance value for each of at least four electrode configurations. 

26) Apparatus according to any one of claims 1 to 25, wherein the apparatus includes a signal 
generator, a sensor, a switching device, and wherein the processing system controls the 
electrode configuration by: 

15 a) selectively interconnecting the signal generator and electrodes using the switching 

device; and, 

b) selectively interconnecting the sensor and electrodes using the switching device. 

27) Apparatus according to any one of claims 1 to 26, wherein the processing system: 
a) causes at least one drive signals to be applied to the subject; 

20 b) measures at least one induced signal across the subject; and, 

c) determines at least one impedance value using an indication of the drive signal and 
the induced signal. 

28) Apparatus according to any one of claims 1 to 27, wherein the processing system: 
a) determines impedance values at a number of different sites; and, 

25 b) determines an impedance map using the impedance values at each site. 

29) Apparatus according to claim 28, wherein the processing system: 

a) determines the presence of an anomaly at any one of the sites; and, 

b) determines the impedance map taking the anomaly into account. 

30) Apparatus according to claim 29, wherein the processing system, for a site having an 
30 anomaly, at least one of: 

a) excluding the site from the impedance map; 
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b) modifying the impedance value determined for the site. 
31) Apparatus according to any one of claims 1 to 30, wherein the processing system: 

a) determines a difference between the first and second impedance values; and, 

b) determines an anomaly using the determined difference. 

5 32) Apparatus according to claim 3 1 , wherein the processing system: 

a) compares the difference to a reference; and, 

b) determines an anomaly depending on the result of the comparison. 

33) Apparatus according to claim 32, wherein the processing system, wherein the reference is 
a previously measured difference for the subject. 
10 34) Apparatus according to claim 33, wherein the apparatus includes a store for storing the 
reference. 

35) Apparatus according to any one of claims 1 to 34, wherein the processing system: 

a) compares first and second impedance values; and, 

b) determines the presence, absence or degree of a biological anomaly using the results 
1 5 of the comparison. 

36) Apparatus according to any one of claims 1 to 35, wherein the impedance values are at 
least one of: 

a) measured impedance values; and, 

b) impedance parameter values derived from measured impedance values. 

20 37) Apparatus according to claim 36, wherein the impedance parameter values include at 



25 3 8) Apparatus according to claim 37, wherein the processing system determines the 
impedance parameter values at least in part using the equation: 



least one of: 



a) an impedance at infinite applied frequency (R^); 

b) an impedance at zero applied frequency (Ro); and, 

c) an impedance at a characteristic frequency (Z c ). 



Ro-R< 



.00 



l + (7*>r) ( 



,<!-«) 



where: 



i?oo= impedance at infinite applied frequency; 
impedance at zero applied frequency; 
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co = angular frequency; 

r is the time constant of a capacitance circuit modelling the 
subject response; and, 
a has a value between 0 and 1. 
5 39) Apparatus according to any one of claims 1 to 39, wherein the processing system: 

a) causes at least one first impedance value to be measured at a site using a first 
electrode configuration; and, 

b) causes at least one second impedance value to be measured at the site using a second 
electrode configuration. 

10 40) Apparatus according to any one of claims 1 to 39, wherein the apparatus includes a 
measuring device for performing impedance measurements, the measuring device 
including the processing system. 

41) Apparatus according to any one of claims 1 to 40, wherein the anomaly includes any one 
or a combination of: 

15 a) a tissue anomaly; and, 

b) an erroneous measurement. 

42) Apparatus according to claim 41, wherein the tissue anomaly is a tissue lesion. 

43) Apparatus according to any one of the claims 1 to 42, wherein the apparatus is used to 
detect the presence, absence, or degree of cervical cancer. 

20 44) Apparatus according to any one of the claims 1 to 43, wherein the processing system is 
for: 

a) determining an indication of drive signals applied to the subject; 

b) determining an indication of measured signals determined using a sensor; and, 

c) using the indications to determine an impedance. 

25 45) A method for use in performing impedance measurements on a subject using a probe 
having a plurality of electrodes, the method including, in a processing system: 

a) determining at least one first impedance value, measured at a site using a first 
electrode configuration; 

b) determining at least one second impedance value, measured at the site using a second 
30 electrode configuration; and, 
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c) determining an indicator indicative of the presence, absence or degree of an anomaly 
using the first and second impedance values. 

46) Apparatus for use in performing impedance measurements on a subject, the apparatus 
including a probe having: 

a) an electrode array having a number of electrodes; 

b) a signal generator for generating drive signals; 

c) a sensor for sensing measured signals; and, 

d) a switching device; 

e) a processing system for selectively interconnecting the signal generator and the sensor 
to electrodes in the array using the switching device, thereby allowing: 

i) at least one first impedance value to be measured at a site using a first electrode 
configuration; and, 

ii) at least one second impedance value to be measured at the site using a second 
electrode configuration. 

47) Apparatus according to claim 46, wherein the apparatus includes apparatus according to 
any one of the claims 1 to 44. 

48) Apparatus for use in performing impedance measurements on a subject, the apparatus 
including: 

a) an electrode array having a number of electrodes; 

b) a signal generator for generating drive signals; 

c) a sensor for sensing measured signals; and, 

d) a switching device; 

e) a processing system for selectively interconnecting the signal generator and the sensor 
to electrodes in the array using the switching device, thereby allowing impedance 
measurements to be performed; and, 

f) a capacitance cancelling circuit for cancelling at least one of: 

i) capacitive coupling between first and second electrodes; and, 

ii) an effective capacitance at a sensor input. 

49) Apparatus according to claim 48, wherein the processing system selectively interconnects 
the signal generator and the sensor to electrodes in the array using the switching device, 
thereby allowing: 
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a) at least one first impedance value to be measured at a site using a first electrode 
configuration; and, 

b) at least one second impedance value to be measured at the site using a second 
electrode configuration. 

5 50) Apparatus according to claim 48 or claim 49, wherein the apparatus includes apparatus 
according to any one of the claims 1 to 44. 

51) A method for use in performing impedance measurements on a subject, the method 
including, in a processing system: 

a) determining at least one first impedance value, measured at a site using a first 
10 electrode configuration; 

b) determining at least one second impedance value, measured at the site using a second 
electrode configuration; and, 

c) determining an indicator indicative the presence, absence or degree of an anomaly 
using the first and second impedance values, the indicator being used in the detection 

15 of cervical cancer. 

52) A method according to claim 51, wherein the method includes using a tetrapolar electrode 
arrangement, the first and second electrode configurations using a different configuration 
of drive and measurement electrodes. 

53) A method according to claim 52, wherein the method includes, in the processing system, 
20 determining an impedance value for each of four electrode configurations. 

54) A method according to any one of the claims 51 to 53, wherein the method uses apparatus 
including a signal generator, a sensor, a switching device and an electrode array having a 
number of electrodes, and wherein the method includes in the processing system, 
controlling the electrode configuration by: 

25 a) selectively interconnecting the signal generator and electrodes using the switching 

device; and, 

b) selectively interconnecting the sensor and electrodes using the switching device. 

55) A method according to any one of claims 51 to 54, wherein the method includes, in the 
processing system: 

30 a) causing at least one drive signals to be applied to the subject; 

b) measuring at least one induced signal across the subject; and, 
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c) determining at least one impedance value using an indication of the excitation signal 
and the induced signal. 

56) A method according to any one of claims 51 to 55, wherein the method includes, in the 
processing system: 

5 a) determining impedance values at a number of different sites; and, 

b) determining an impedance map using the impedance values at each site. 

57) A method according to claim 56, wherein the method includes, in the processing system: 

a) determining the presence of an anomaly at any one of the sites; and, 

b) determining the impedance map taking the anomaly into account. 

10 58) A method according to claim 57, wherein the method includes, in the processing system, 
for a site having an anomaly, at least one of: 

a) excluding the site from the impedance map; 

b) modifying the impedance value determined for the site. 

59) A method according to any one of claims 51 to 58, wherein the method includes, in the 
15 processing system: 

a) determining a difference between the first and second impedance values; and, 

b) determining an anomaly using the determined difference. 

60) A method according to claim 59, wherein the method includes, in the processing system: 

a) comparing the difference to a reference; and, 

20 b) determining an anomaly depending on the result of the comparison. 

61) A method according to claim 60, wherein the reference is a previously measured 
difference for the subject. 

62) A method according to any one of claims 51 to 61, wherein the method includes, in the 
processing system: 

25 a) comparing first and second impedance values; and, 

b) determining the presence, absence or degree of a biological anomaly using the results 
of the comparison. 

63) A method according to any one of claims 51 to 62, wherein the impedance values are at 
least one of: 

30 a) measured impedance values; and, 

b) impedance parameter values derived from measured impedance values. 
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64) A method according to claim 63 , wherein the impedance parameter values include at least 
one of: 

a) an impedance at infinite applied frequency (i?oo); 

b) an impedance at zero applied frequency (Ro); and, 

c) an impedance at a characteristic frequency (Z c ). 

65) A method according to claim 64, wherein the method includes, in the processing system, 
determining the impedance parameter values at least in part using the equation: 

Z = R<o + - 



l + (7^r) (1 " a) 

where: Roo= impedance at infinite applied frequency; 

10 Ro^ impedance at zero applied frequency; 

co = angular frequency; 

r is the time constant of a capacitive circuit modelling the 
subject response; and, 
a has a value between 0 and 1. 
15 66) A method according to any one of claims 51 to 65, wherein the method includes, in the 
processing system: 

a) causing at least one first impedance value to be measured at a site using a first 
electrode configuration; and, 

b) causing at least one second impedance value to be measured at the site using a second 
20 electrode configuration. 

67) A method according to any one of claims 51 to 66, wherein the processing system forms 
part of a measuring device for performing impedance measurements. 

68) A method according to any one of claims 51 to 67, wherein the anomaly includes any one 
or a combination of: 

25 a) a tissue anomaly; and, 

b) an erroneous measurement. 

69) A method according to claim 68, wherein the tissue anomaly is a tissue lesion. 

70) A method according to any one of claims 51 to 69, wherein the impedance measurements 
are performed using apparatus including an electrode array having a number of electrodes 
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provided thereon, and wherein the method includes, in the processing system, causing 
impedance measurements to be performed using different ones of the electrodes in the 
array. 

71) A method according to claim 70, wherein the method includes: 

a) causing a first measurement to be performed at a site using first and second electrodes 
as drive electrodes and using third and fourth electrodes as measurement electrodes; 
and, 

b) causing a second measurement to be performed at the site using first and third 
electrodes as drive electrodes and using second and fourth electrodes as measurement 
electrodes. 

72) A method according to claim 71, wherein the method includes: 

a) causing a measurement to be performed at a site using first and second electrodes as 
drive electrodes and using third and fourth electrodes as measurement electrodes; and, 

b) causing a measurement to be performed at a second site using at least two of the first, 
second, third and fourth electrodes. 

73) A method according to claim 70, wherein the method includes: 

a) causing a first measurement to be performed at a first site using first and second 
electrodes as drive electrodes and using third and fourth electrodes as measurement 
electrodes; 

b) causing a second measurement to be performed at the first site using first and third 
electrodes as drive electrodes and using second and fourth electrodes as measurement 
electrodes; 

c) causing a first measurement to be performed at a second site using third and fifth 
electrodes as drive electrodes and using fourth and sixth electrodes as measurement 
electrodes; and, 

d) causing a second measurement to be performed at the second site using third and 
fourth electrodes as drive electrodes and using fifth and sixth electrodes as 
measurement electrodes. 

74) A method according to any one of the claims 51 to 73, wherein the apparatus includes a 
signal generator for generating drive signals, a sensor for sensing measured signals, and a 
multiplexer, and wherein the method includes, in the processing system selectively 
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interconnecting the signal generator and the sensor to electrodes in the array using the 
multiplexer. 

75) Apparatus for use in performing impedance measurements on a subject, the apparatus 
including a processing system that: 

a) determines at least one first impedance value, measured at a site using a first electrode 
configuration; 

b) determines at least one second impedance value, measured at the site using a second 
electrode configuration; and, 

c) determines an indicator indicative of the presence, absence or degree of an anomaly 
using the first and second impedance values, the indicator being used in the detection 
of cervical cancer. 
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